Metastable
mass-analyzed ion kinetic energy-(MIKE) and collision-induced dissociation MIKE spectrometries have been applied to the study of all members of two classes of heteroaromatic isomers: 3-methylisoxazoloand 2-methyloxazolopyridines. The study revealed that tandem mass spectrometrv can characterize and differentiate the isomeric ion structures produced bv these hetero&les. In particular, the MIKE spectra of both the molecular ions and abundant fragments formed bv CO and CH,CN losses show characteristic differences that allow distinction among the isomers dependent on the position of the nitrogen atom in the pyridine ring, and distinction of isoxazole derivatives from oxazoles. The results indicate that the isomerization of the isoxazole moiety to oxazolempproposed for other analogous compounds-does not occur in these heterocyclic systems. The experimental work is supported bv moiecular orbital calculations both on neutral molecules and on molecular and fragment ions.
(1 Arrl SOL' h/1 (~ Spcctvc~~ 7 995, 6, (962) (963) (964) (965) (966) (967) (968) (969) (970) (971) (972) I dentification and structural characterization of isomerit compounds are very important problems in various branches of chemistry. Among other analytical techniques, mass spectrometry is a very powerful tool for an unambiguous identification and assignment of the structure of a compound.
Unfortunately, isomers often follow the same fragmentation pathways in the source region and produce nearly identical mass spectra that do not allow distinction of one compound from the others. It follor~s that more specific techniques are required 111. Metastable decomposition processes can be a \ralid probe for the differentiation ot Isomeric ion structures.
On the other hand, the high similarity in metastable processes of ions that originate from different neutral molecules often indicates the same reacting configuration. In this case isomerization phenomena, which consist either of the interconversion from one isomer to another or of the isomerization to a common structure, occur in the gas phase [2] .
Mass spectrometry has been applied widely to the characterization of heteroaromatic compounds that contain nitrogen and oxygen atoms [3] . In particular, fused ring systems that contain the isoxazole or the oxazole moiety have been the subject of several papers [&12] . On the basis of the electron ionization spectra, a previous study carried out on 1,2-benzisoxazole Noxides [7] proposed that the impact-induced isomeriLation of the radical ion produced by initial deoxygenation of M+' gave a structure that corresponds to the oxazole isomer. Figure 1 .
For all the four isomers 1 the main metastable processes are the losses of H ' and CO. The first process is highly favored for isomer la, whereas for the others the loss of CO is the most abundant. The latter is a flat or slightly dish-topped peak with a kinetic energy release, measured at half height (T,] i 1, equal to 630 meV for compounds la-c, and 420 meV for Id (insets in Figure 1 top Figure 1 bottom row) in which, through use of the unit resolution of the quadrupole analyzer, a better separation of the daughter ions can be achieved. This has allowed the multiple peak to be assigned to three components at m/z 104, 105, and 107. Although the first two peaks correspond to the losses of CH,O and CHO . , respectively, the third peak, which is 27 mass units lower than the molecular ion, reasonably can be attributed to the loss of HCN. In the EI spectra, this peak has a very low intensity and it previously has been attributed to the isotopic contribution of the ion at m/z 106 [17] . Comparison of MIKE and E/Q MIKE spectra suggests that there are some differences in relative intensity ratios measured by the two techniques ( Figure 1 ). These differences may be due partly to the overlapping of peaks with different widths in the MIKE spectra and partly to distorsions due to the quadrupole tuning in the E/Q scans.
In the region of m/z 104-107, the MIKE spectra from 2b and 2c show a flat-topped metastable peak at m/z 106 due to the loss of CO with Ta,s values equal to 480 and 600 meV, respectively. Beyond the processes already observed in MIKE spectra, an interesting feature is the loss of the methyl group from isomers la, lb, Id, and 2~. Furthermore, peaks at UI/Z 65, 64, and 38 that correspond to losses of C,H,NO, C;H,NO ' , and C,H,N,O, respectively, are present. As an example, the CID-MIKE spectra of lc and 2c are shown in Figure 2 .
[M -CO/+. ions ( u[/: 106) formed in the source also were studied. The data are summarized in Table 2 . All ( I~//z 106) from isomers la (top) and 2a (bottom Table  3 . The spectra of compounds la and lb are shown in Figure 4 . After the loss of CH ,C'N, the structures of the corresponding isoxazole and oxazole derivatives became identical and their me&table spectra are superimposable.
In all the cases, the most abundant process is the loss of CO. As shown in Figure 4 , the composite shape of the metastable peak at W/Z 65 indicates that the reaction takes place by t\vo competitive mechanisms with kinetic energy releases that differ by roughly 1 order of magnitude.
For compounds la and 2a the kinetic energy releases associated with the two processes are 7, i, = 400 and r,, cl, = 30 meV, respectively. It is noteworthy that 400 meV is close to the 
are reported in Table 5 . Thus, bond weakening and strengthening that occur owing to the ionization process are indicated by negative and positive values, respectively.
To evaluate the results, it is also important to consider the absolute vItIue of the bond order, that is, bond orders significantly higher than 1.0 are not likely to dissociate, even if they are weaker in the ion than in the neutral.
In cyclic molecules it is also important to consider that two bonds must be broken to observe fragmentation.
The neutral molecules la--d show similar bond orders. The largest differenccl is relevant to the N(2)-C (3) bond for which the double bond character is more pronounced in isomers lb-Ed (b.o. 1.72) in comparison with la (b.o. 1.62). After the adiabatic ionization process, a general trend is the weakening of the fusion between the two rings, which results from the decrease in the C(3a)-C(7a) bond order, whose values average 1.31 in the neutral molecules and 1.08 in the molecular ions. la shows a remarkable increment of the N(2)--C(3) bond order from 1.62 to 1.80, as well as the weakening of the 0(1)--N (2) and C(3)--C(3a) bonds, whose bond orders became less than I, in agreement with the prevailing loss of CH,CN. Furthermore, the adiabatic ionization causes a significant strengthening of the C(7a)---0(l) bond order for isomers la, lc, and Id, in accordance with a loss of CO from the molecular ion. From the examination of the data reported in Table  5 , it appears that lb shows behavior different from the other isomers. This behavior rndy be related to differences also observed in the electronic spectra, in which the composite band at 280 nm, observed in the LX spectra of la, lc, and Id [2h], is completely absent in the case of lb. Tables 6 and 7. respectively.
The pyridone radical cations (3apd) show small (4)-C (5) and C(5)-C(6) bond orders, which suggests the opening of the ring and the elimination of CO, observed both in EI [17] and in MIKE spectra (Table 3) . On the other hand, the bond order values found in these structures do not allow us to explain the elimination of HCN and C,HN found in the MIKE spectra (Table 3) .
Other closed-ring structures that have the oxygen atom bridging C(5) and C(6) also have been studied (4a, b). All their bond orders are higher than 1, which does not allow prediction of which fragmentations will occur. Furthermore structures 4a and 4b are less stable than their corresponding pyridone isomers 3a-d (Table  6 ). These results are in good agreement with the con- 
Correlation With Photochemistry
In previous photochemical studies a correlation between the phenomena observed when a molecule was photoirradiated and those caused by electron ionization was found [ 141. In particular, it is well known that the photochemical rearrangements of isoxazolopyrldmes to the corresponding oxazole derivatives is a quite general process [27] .
On the other hand, the present tandem mass spectrometry investigation has shown that the behavior under electron ionization of the isoxaLoles examined is deeply different from that observed in photochemical reactions. It follows that correlations between the two methodologies are not found in the present case.
Conclusions
On the basis of the experimental data and calcub tions, a fragmentation mechanism is proposed for compound la (Scheme IV). It is likely that the loss of CH,CN from the molecular ion yields both the cyclic structure 3a, which may easily lose CO, and the open structure 5. The latter may fragment by loss of HCN or, through a hydrogen transposition, produce the open structure 11, whose bond orders indicate the possible elimination of both CO and C,HN. It follolvs that two different reactions would yield the loss of CO from
From the present study, it is evident that MIKE spectrometry is a useful analytical tool for the characterization and differentiation of 3-methylisoxazoloand 2-methyloxazolopyridine isomers. The molecular ions from isoxazole la-d and oxazole 2a-d derivatives give quite different MTKE spectra that indicate that each compound keeps a characteristic structure after electron ionization.
The data show that the position of the nitrogen atom in the pyridine ring also has a significant effect on the fragmentation.
The MIKE spectra of [M -CO] -' fragment ions also show large differences among the isomers. These indicate that the isomers remain distinct even in some fragment ions produced in the source region. 
